The elderly now represent an increased percentage of our population in Japan, as is also the case in Europe and the United States. Long-term bed-ridden patients are unable to ingest sufficient nutrients by mouth be cause of swallowing and chewing disorders, anorexia or an inability to use their hands well. Consequently, tube feeding is often used to supplement their oral intake. Thus, the assessment of nutritional support by tube feeding will become a major issue, particularly in long term bed-ridden patients.
Hartgrink et al. and Bastow et al. reported that the elderly patients who are receiving supplemental tube feeding in addition to their normal ward diet reached good nutritional status, with an accompanying sup pression of weight loss, improvement in total protein levels and increased levels of serum albumin, thus shortening their rehabilitation time and hospital stay (1, 2). On the other hand, several studies involving a longer clinical outcome (>1y) for the case of elderly pa tients receiving only tube feeding showed a higher mor tality rate and/or poorer rehabilitation status (3) (4) (5) . In addition, only a few studies have been reported which involve anthropometric and biochemical studies for eld erly patients received feeding only by tube for long terms, such as six months or more. Therefore , this study was carried out to assess the nutritional status of elderly patients who received long-term tube feeding , with anthropometric and biochemical variables , energy expenditure and dietary intake.
SUBJECTS AND METHODS
Subjects. The subjects were hospitalized patients with (tube-fed group) and without (orally-fed group) feeding tubes over 65 years of age. Most of the patients were admitted because of cerebral infarction or hemor rhage and had received extended bed rest over a 12 month period. The subjects who were receiving only nasogastric tube feeding over a 6-month period were classified as tube-fed. The studies for hospitalized pa tients were carried out during the period of November, 1996 to January, 1997. Healthy subjects (free-eating group) over the age of 65, who were resident in a nurs ing home, were also studied in September, 1997. These subjects had no past histories of cerebral infarction or hemorrhage. Each subject gave their informed consent. Patients with diabetes mellitus, renal disease, hepatic cirrhosis or hyperlipidemia were excluded from the study and patients who showed diarrhea, edema or de hydration were also excluded.
Anthropometric and biochemical measurements. Anthropometric measurements of patients and free-eat ing elders were carried out. The heights of immobile pa tients were estimated by measuring their full length on the bed. The body weight of subjects who were not able to stand was measured using a Tanita PCW 620 (Tanita, Tokyo, Japan) or CT-110 (UG Gika, Tokyo, Japan), which is designed to weigh patients in a wheel chair. The body mass index (BMI) was calculated as fol lows: BMI=body weight (kg)/height (m)2.
Triceps and subscapular skinfold thicknesses (TSF, SSF) were measured by an experienced observer using modified Harpenden skinfold calipers (Eiyoken-type, Meikosha, Japan). All subjects were examined by the same observer. The mid-upper-arm-circumference (AC) was measured with a flexible non-stretch tape and the arm muscle circumference (AMC) was estimated as: AMC=AC-(3.14xtriceps skinfold).
A blood sample was drawn after overnight fasting. Determinations of serum total protein, albumin, creati nine and blood urea nitrogen were performed by a rou tine colorimetric method using a Hitachi autoanalyzer (Hitachi 7350 type, Japan).
Measurement of basal energy expenditure (BEE). Basal energy expenditure was measured by indirect calorimetry. Expired air was collected in Douglas bags (Fukuda Sangyo, Japan) for 5 min prior to breakfast at 7-8 a.m. using a ventilated plexiglass hood. The vol ume was measured in a wet spirometer and oxygen (02) and carbon dioxide (C02) concentrations in the expired air were measured with a paramagnetic 02 analyzer (Horiba, PMA 200, Japan) and a nondiffusible infrared C02 analyzer (Horiba, VIA 210, Japan), respectively.
Energy and protein intakes. Table 1 shows the anthropometric characteristics for all subjects. Any items except for the height of the fe male patients were not different between tube and orally-fed groups in either gender. The BMI, SSF, AC and AMC of both groups of female patients were signifi cantly lower than those of free-eating female elders (p<0.01), and the values for both groups of male pa tients also tended to be lower. Table 2 shows values for the measured BEE. The BEEs (kcal/d, kcallkg/d) were not significantly different between the tube and orally fed male groups, but the BEE per day were significantly different in the female groups. The daily BEE of both groups was lower than that of the free-eating group. However, the BEE as expressed per kg body weight did not differ significantly for either group from that of the free-eating group. Table 3 summarizes the biochemical data collected for each group. Blood levels of total protein (TP), albu min (Alb), red blood cells (RBC), hemoglobin (Hb) and creatinine were not significantly different between pa tients with and without tube feeding. These values, however, tended to be lower than those of the free-eat ing elders. The blood urea nitrogen per creatinine ratio of the tube-fed group was significantly higher than that Standard values of TSF and AMC adopted were 8.3mm and 24.8cm for male and 15.3mm and 21.0cm for fe male, respectively, which were reported by Kim et al. (7), and the incidence (%) showed less than 80% of standard values. Abbreviations are the same as for tables 1 and 3. 1 Significantly different from free -eating group, p<0.05.
26 kcal/kg/d and 1g/kg/d, respectively, both of which are optimal for bed-ridden, tube-fed patients. Incidence of malnutrition in bed-ridden patients with tube feed ing, however, was higher than that in free-eating elders. The orally fed bed-ridden patients were also malnour ished, although they showed slightly higher values in serum levels of albumin and hemoglobin. Mitchell et al. reported a higher one-year mortality rate for institutionalized elders receiving tube feeding reported that elderly patients with a fracture of the femur achieved good nutritional status, improved total protein and serum albumin, and shortened rehabilita tion time and hospital stay as a result of supplementary overnight tube feeding (1, 2). Lipschitz and Mitchell reported that the tube feeding for 21 days in elderly malnourished patients led to a return of immune and hematopoietic abnormalities to near normal levels (8) .
Only a few studies have reported on anthropometric and biochemical studies for elderly patients who had re ceived long-term feeding only by tube. In the present study, these patients showed protein-energy malnutri tion. The possibility of diarrhea or severe diseases which might increase energy expenditure was excluded in these patients. One factor contributing to malnutrition is deficient energy and protein intake (9-11). Calloway and Zanni reported that total energy expenditure while lying at rest was 1.22 XBEE in elderly healthy men (12) . There are, however, no data regarding energy require ments for elderly inpatients who are largely in a state of bed rest. The energy requirements for frail elderly females corresponding to 0.00 to 0.15 of the physical activity factor were provisionally estimated to be 21 to 2 7 kcal/kg body weight by Fujita and Ohzeki although the nutritional status of their subjects was not described (13) .
In A safe protein intake for most elderly people would be 1.0g/kg/d or more of high-quality protein (17) . However, the protein requirement of frail and immobile elderly subjects and the efficiency of protein utilization of meals as eaten remain to be evaluated. In the present study, although the patients receiving tube feeding were administered about 1.0g protein/kg/d, which supplied 15% of the total energy, the patients showed evidence of protein malnutrition.
Muscular atrophy regularly occurs as a consequence of immobilisation or disuse. The wasting of muscle mass in our patients was observed as a result of immobility or restriction to a bed, as indicated by a significant de crease in serum creatinine levels and the AMC com pared to free-eating group. In the present study, the blood urea nitrogen per creatinine ratio of patients with tube feeding was significantly higher than that of the free-eating group, suggesting protein hypercatabolism, or a high level of protein intake. In agreement with our study, Mitchell and Chernoff suggested that chronic conditions with long-term bed rest can lead to a decline in serum albumin levels (18). Baumgartner et al. sug gested that decreases in serum albumin concentrations with age are associated with muscle loss in the elderly (19) . These results indicate that immobility is associ ated with low serum albumin levels. In our study, bed ridden patients without tube feeding also showed PEM, suggesting that a decrease in serum albumin concen trations results from muscle loss due to immobility rather than protein intake by tube feeding. To clarify whether higher energy and protein intake improved the nutritional state or not, all measured parameters were compared between those with greater energy (>1.2 XBEE) and protein (>1.3g/kg/d) intakes and those with a lower intake. Significant differences in nu tritional status were not observed between the two groups. These results suggest that even if the bed-ridden patients received a higher protein load, their serum al bumin level might not be increased. Shizgal et al. also reported that amino acid intake increased from 1.26 to 2.37g/kg/d in TPN does not improve the anabolic re sponse (20) . Conversely, a high protein load would af fect their kidney function since this function is more fre quently compromised (21, 22) .
